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Background/aim: The number of elderly patients with chronic kidney disease (CKD) stage 5 
management with hemodialysis (HD) is steadily increasing. Therefore we analyzed the number 
of new CKD patients ^80 years managed with HD and their survival through the study period. 
We aimed also, to identify which of several key variables might be independently associated 
with survival in this very elderly population of patients. 

Patients and methods: This was a single-center, retrospective cohort study that took place 
during the period from January 1987 to September 20 12. The study consisted of 78 (50 male and 
28 women) very elderly patients (^80 years of age); the mean age at which HD was initiated 
was 83.2+2.5 years. Survival and factors associated with mortality were studied. Survival was 
denned as the time from start of HD treatment to death (or end of study, if still alive). 
Results: In the period from 1987 to 2002, patients ^80 years of age were only sporadically treated 
with HD, but since 2003, the number of new patients has been steadily increasing. The mean sur- 
vival for our group of patients was 25. 1+22.4 months (range 1-115 months). Furthermore, 30.8% 
patients survived < 12 months, 29.5% patients survived 12-24 months, 30.8% patients survived 
24-60 months, and 9% patients survived >60 months on HD treatment. Older patients were less 
likely to have diabetes, and primary renal disease did not influence survival. Patients with high 
C-reactive protein levels and poor nutritional status, as well as those who did not have pre-HD 
nephrology care and those that had a catheter as vascular access for HD had poor survival. In 
about half of our patients, the cause of death was cardiovascular disease. 
Conclusion: Among patients who were &80 years of age at the start of HD treatment, those 
who received pre-HD nephrology care that followed a planned management pathway, those who 
had a good nutritional status, and those with an arteriovenous fistula as vascular access for HD 
at the time of HD initiation had a better survival. 

Keywords: chronic kidney disease, elderly patients, pre-HD nephrology care, nutritional status, 
arteriovenous fistula 

Introduction 

Today, the term elderly refers to people who are 65 years of age or older, and in most 
Western European countries, the proportion of elderly people reaches 14%- 16% of 
population; during 200 1 , about 1 5.7% of the Croatian population was 65 years of age 
or older. 1 Furthermore, the number of elderly patients is progressively increasing, and 
among them are many people that are s75 years of age. When hemodialysis (HD) 
was launched worldwide, elderly patients were often excluded from renal replacement 
therapy (RRT) because the availability of HD was limited, due to technical and eco- 
nomic reasons. But during the last decade, this changed dramatically, and treatment 
of the elderly with HD increased with technological development. 
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The number of elderly patients with chronic kidney disease 
(CKD) as well as those with end-stage renal disease (ESRD) 
is on the rise worldwide. Old age is no longer seen as a con- 
traindication to RRT. In the past decade, in most regions of 
the world, an increasing number of adults aged 65 years or 
more were started on RRT each year. Those aged 75 years or 
more represent the fastest growing segment of the population 
starting HD. As a consequence of the aging of the HD popu- 
lation, new issues have emerged. 2 " 7 Therefore, HD of elderly 
patients has become routine. For example, in France, 37.9% of 
patients who started HD in 2009 were older than 75 years. 8 

HD is a costly but lifesaving therapy offered to patients 
with ESRD. It is important to consider whether or not age 
alone can be considered an ethically acceptable criterion for 
access to HD. Quality of life is an important issue for all HD 
patients, including the elderly. The physician must weigh the 
need for HD in relation to life expectancy, complications of 
the primary disease, or comorbid conditions. However, HD 
in older adults remains a challenge and raises ethical and 
socioeconomic concerns. 2 " 5 

According to these observations, the aims of this study 
were to analyze the number of new CKD patients ^80 years 
of age that were managed with HD and their survival through 
the study period. Also, the aim was to identify which of sev- 
eral key variables might be independently associated with 
survival in this very elderly population of patients. 

Patients and methods 

Using a single-center, retrospective cohort study design 
(involving data collected prospectively for a purpose not 
directly related to the current study), we followed the progress 
of 78 patients that were &80 years of age who initiated 
chronic HD during the period from January 1987 to Septem- 
ber 20 1 2. This included both patients who had been referred 
to a nephrologist and started HD in a planned manner and 
those who started HD as an emergency. Patients with evidence 
of acute kidney injury and those with evidence of advanced 
progressive metastatic cancer were excluded. 

All patients were treated with HD. HD is standard RRT 
in elderly patients (s80 years) with ESRD at our institution. 
All of them were dialyzed for 4 hours, three times a week, 
on polysulfone membranes. 

Data on patient demographic characteristics, medi- 
cal history, and laboratory data were obtained by medical 
record. Comorbid conditions included the presence of dia- 
betes mellitus, dyslipidemia, and arterial hypertension, as 
well as obesity. This data was obtained by using a standard 
questionnaire. The body mass index (BMI) was calculated 



as weight (kg) divided by height (m) squared. Obesity was 
defined as a BMI of >23 kg/m 2 . Diabetes mellitus was 
defined by fasting glucose ^5.6 mmol/L or drug treatment, 
and dyslipidemia by triglycerides s 1 .7 mmol/L or by drug 
treatment or high-density lipoprotein <1 mmol/L in men 
and < 1.29 in women. Blood pressure was measured with a 
standard mercury sphygmomanometer. The criterion used 
for defining arterial hypertension was systolic blood pressure 
(SP) >140 mmHg and diastolic pressure (DP) >90 mmHg, 
or the routine use of antihypertension therapy. The SP and 
DP values obtained before starting regular HD treatment 
were taken into account for this study. 

We grouped patients into four classes of primary kidney 
disease: diabetes mellitus, renal vascular disease, chronic 
pyelonephritis, and other kidney disease. Other kidney dis- 
eases consisted of glomerulonephritis and polycystic kidney 
disease. Renal vascular disease was defined as the presence 
of long-term arterial hypertension, presence of left- ventricular 
hypertrophy, hypertensive retinopathy, presence of protei- 
nuria, and gradual deterioration of kidney function. Data on 
vascular access were collected at 1 month after the start of 
HD. Pre-HD nephrology care was defined as a referral to a 
nephrologist for at least 6 months before initiation of HD to 
provide patients with adequate medical preparation. Catheters 
included both tunneled and nontunneled catheters (jugular and 
femoral). Arteriovenous accesses included native fistulas. 

Laboratory data included hemoglobin, albumin, and 
C-reactive protein (CRP) levels and were recorded at the 
time of HD initiation. BMI was calculated. 

All patients were followed for a minimum of 1 year or 
until death. 

The primary endpoint of this study was to determine the 
number of new patients that were aged 80 or over and their 
survival through study period. The second endpoint of this 
analysis was patient survival in relation to sex, primary renal 
disease, pre-HD care, vascular access, nutritional status, 
and CRP levels, SP and DP values; as well as the cause of 
death. For the purpose of this analysis, we classified causes 
of death as cardiovascular, infection-related, malignant, and 
other mortality. We analyzed the overall survival of patients 
according to sex and pre-HD nephrology care. Furthermore, 
we analyzed the overall survival of patients who had a catheter 
compared with survival of patients with an arteriovenous 
fistula as vascular access for HD. 

Also, we compared survival of patients divided into 
subgroups with respect to primary renal disease and three 
important parameters - nutritional status, inflammatory state, 
and blood pressure. Poor nutritional status was defined as 
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BMI values of less than 23 mg/kg 2 and serum albumin levels 
of less than 40 g/L. 

Survival was defined as the time from starting HD treat- 
ment to death (or end of study, if still alive). 

Statistical analysis 

Statistical analysis of data was performed using descrip- 
tive statistics (mean and standard deviation). Categorical 
variables were tested by chi-square test. The difference in 
survival of patients was analyzed with the Kaplan-Meyers 
method of estimating mortality risk. Univariate and mul- 
tivariate analyses were assessed using the Cox regression 
analysis. A P-value <0.05 was considered to be statistically 
significant. Statistical analysis was done using MedCalc, 
version 10 statistical software package (MedCalc Software 
bvba, Mariakerke, Belgium). 

Results 

Table 1 provides a description of the demographic charac- 
teristic in the analyzed patients. Of 78 patients with mean 



Table I Baseline characteristics 



Mean age (years) 


83.2±2.S (range 80-90) 


Men, n (%) 


SO (64.1) 


Women, n (%) 


28 (35.9) 


Comorbid illness 




Arterial hypertension, n (%) 


55 (70.5) 


Diabetes mellitus, n (%) 


19 (24.4) 


Dyslipidemia, n (%) 


27 (34.6) 


Primary kidney disease 




Diabetes mellitus, n (%) 


17 (21.8) 


Renal vascular disease, n (%) 


32 (41%) 


Chronic pyelonephritis, n (%) 


7(9) 


Other, n (%) 


6 (7.7) 


Unknown, n (%) 


16 (20.5) 


Predialysis nephrology care, n (%) 


40 (5 1 .3) 


Vascular accesses 




Central venous catheter 


40 (5 1 .3) 


Arteriovenous fistula 


38 (48.7) 


Therapy 




ACE-I/ARB, n (%) 


35 (44.9) 


CCB, n (%) 


60 (76.9) 


BB, n (%) 


30 (38.5) 


Diuretics, n (%) 


32(41) 


Statins, n (%) 


25 (38.5) 


Hemoglobin (g/L) 


93.7±l 1 (range 68-131) 


Serum albumin (g/L) 


35.3±4.l (range 25-46.5) 


BMI (kg/m 2 ) 


24.2±l.7 (range 16-32) 


CRP (mg/L) 


48.1 ±46.7 (range 0-1 13) 


HbA |c >7%, n (%) 


7(41.2) 



Note: N=78. 

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin 
receptor blockers; BB, beta blocker; BMI, body mass index; CCB, calcium channel 
blocker; CRP, C-reactive protein; HbA k , glycated hemoglobin. 



age 83.2+2.5 (range 80-90) years there were 50 (64.1%) 
male and 28 (35.9%) women (P=0.001). The most common 
etiology of CKD was renal vascular disease (32 patients), fol- 
lowed by diabetic nephropathy (17 patients). Forty (51.3%) 
patients had central venous catheter, and 38 (48.7%) patients 
had arteriovenous fistula as the vascular access for HD. Of 
78 patients, 40 (51.3%) patients were referred to nephrolo- 
gists for at least 6 months before initiation of HD. 

HD was launched in Croatia in 1966. In our HD center, 
there were no patients older than 80 years undergoing HD 
before 1987. In the period from 1987-2002, patients that 
were ^80 years of age were only sporadically treated with 
HD. Since 2003, the number of patients older than 80 years 
undergoing HD has been steadily increasing (Figure 1). 

The mean survival for our group of patients was 
25.1+22.4 months (range 1-115 months). Furthermore, 
24 (30.8%) patients survived less than 12 months, 
while 23 (29.5%) patients survived 12-24 months on HD 
treatment. On the other hand, 24 (30.8%) patients survived 
24-60 months, and seven (9%) patients survived more than 
60 months on HD treatment. 

As shown in Figure 2, there was no statistically significant 
difference in survival rate between male and female patients 
(P=0.486). 

We were interested to explore whether primary kidney 
disease and pre-HD nephrology care had an influence on 
the survival of our elderly patients. Analyzing the survival 
according to the primary kidney disease, we did not find any 
statistically significant difference between the four groups 
of patients (Figure 3). 

About a half of our patients attended pre-HD nephrology 
care. Figure 4 shows the Kaplan-Meier curve for survival 
according to the pre-HD nephrology care. As compared with 
patients who didn't attend pre-HD nephrology care, patients 
referred to a nephrologist at least 6 months before initiation of 
HD had statistically significant better survival (P<0.0001). 

In the next step, we investigated the association among 
vascular access and mortality risk. Elderly patients who 
had a catheter as vascular access for HD had a 2.5 higher 
risk for death than did those patients who had arteriovenous 
fistula (hazard ratio [HR] 2.5286; 95% confidence interval: 
1.5160-4.2116) (Figure 5). 

Next we investigated nutritional status, based on serum 
albumin levels and BMI, and its influence on mortality rate. 
We have found that a great proportion of our patients had 
serum albumin levels less than 40 g/L. The mortality rate was 
statistically significantly higher for patients with low serum 
albumin levels and low BMI values (Figures 6 and 7). 
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Furthermore, we investigated inflammatory state, based 
on serum CRP levels. According to our results, patients who 
had CRP levels >5 mg/L had a 3.4 higher risk for death than 
did those patients who had CRP levels <5 mg/L (HR 3.3404; 
95% confidence interval: 2.0340-5.6969) (Figure 8). 

Finally, we were interested to explore whether SP and 
DP values had influence on survival of our elderly patients. 
Analyzing the survival according to the SP and DP values, 
we did not find any statistically significant difference between 
the four groups of patients (Figure 9A and B). 

Furthermore, univariate analysis of the laboratory tests 
and clinical features indicated that the serum albumin and 
CRP levels, BMI values, vascular access and pre-HD care 
were the predictors of mortality. In contrast, low serum 
albumin levels (P<0.0001), high CRP values (P<0.0001), 



catheter use instead of arteriovenous fistula as the vascular 
access for HD (P=0.001), and absence of pre-HD care 
(P=0.02) were independent predictors of mortality in the 
multivariable model. 

Analyzing the causes of death in our group of patients, 
we found that 50% of patients died as a consequence of car- 
diovascular disease. The next most common cause of death 
was infection-related (28% of patients) (Figure 10). 

Discussion 

When FID was initiated worldwide, patients of advanced age were 
often excluded. However, this has changed dramatically during 
the last decade. This study showed that the number of patients 
^80 years of age starting HD increased over time. Namely, 
during the 1980s and 1990s, patients that were ^80 years of 
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Figure 2 Kaplan-Meier survival curves in elderly hemodialysis patients, according 
to sex. 

Notes: Men, n-50; women, n-28. 
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Figure 3 Kaplan-Meier survival curves for elderly hemodialysis patients, according 
to the primary renal disease. 
Note: P- non-significant. 
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Figure 4 Kaplan-Meier survival curves for elderly hemodialysis patients, according 
to their predialysis care. 

Notes: Patients with no predialysis care, n-38; patients with predialysis care, n-40. 
HR 2.5286; 95% CI: 1 .5 1 60^t.2 1 1 6: P<0.000 1 . 
Abbreviations: CI, confidence interval; HR, hazard ratio. 
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Figure 6 Kaplan-Meier survival curves for elderly hemodialysis patients, according 
to the serum albumin levels. 

Notes: Serum albumin <40 g/L, n=60; serum albumin >40 g/L, n= 1 8. HR 3.0850; 
95% CI: 1 .9676-4.837 1 ; P<0.000 1 . 

Abbreviations: CI, confidence interval; HR, hazard ratio. 



age were only sporadically treated with HD in our institution. 
On the other hand since 2003 the number of patients s80 
years of age treated with HD has been increasing. Our results 
are in accordance with those in other studies. 2 9 This can be 
explained by increased longevity, coupled with technical 



advances and heightened public expectation that has contrib- 
uted to an unprecedented increase in demand for HD therapies 
in the older age group. Therefore, elderly patients account for 
an increasing fraction of patients on RRT worldwide, reach- 
ing 25% to 30% in most ESRD registries. During the last 
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Figure 5 Kaplan-Meier survival curves for arteriovenous fistula versus catheter in 
elderly hemodialysis patients. 

Notes: Catheter vascular access, n-40; arteriovenous fistula, n-38. HR 2.5 1 87; 95% 
CI: I.5384-4.I237; P<0.000l. 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
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Figure 7 Kaplan-Meier survival curve for elderly hemodialysis patients, according 
to the BMI values. 

Notes: BMI <23 kg/m 2 , n=29; BMI a23 kg/m 2 , n=49. HR 1. 7022; 95% 
CI: 1. 01 64-2.0508; P-C0.000 1. 

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio. 
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Figure 8 Kaplan-Meier survival curves for elderly hemodialysis patients, according 
to the CRP levels. 

Notes: CRP <5 mg/L, n=34; CRP >5 mg/L, n=4 1 . HR 3.4040; 95% CI: 2.0340-5.6969; 
P<0.000l. 

Abbreviations: CI, confidence interval; CRP, C-reactive protein; HR, hazard ratio. 



decade, this phenomenon translated into higher health care 
costs and additional clinical challenges, for the physician, 
to meet the often broader and more demanding health care 
needs of the geriatric population. 10 When an elderly person, 
especially the very elderly (>80 years old), faces the pos- 
sibility of HD, the nephrologist often has difficulty making 
treatment decisions and must consider many aspects regarding 
the patient's underlying condition and probable outcome. The 
quality of life in elderly patients with renal failure becomes a 
very relevant clinical problem in everyday clinical practice. 
Despite complex comorbid and psychosocial conditions, 
survival and the quality of life in elderly patients on HD are 
often acceptable. 2 " 11 Authors have drawn varied conclusions, 
based upon the period of evaluation, type of patient, study 
design, and outcome measured. Some authors found signifi- 
cantly improved survival in older adult patients who initiated 
HD versus those treated conservatively. For example, Carson 
et al 11 conducted a study of 202 elderly patients with ESRD, 
and they found higher median survival among those who 
underwent HD treatment versus patients treated conservatively 
(38 versus 14 months, respectively). On the other hand, others 
have shown that initiation of HD was associated with high 
mortality and a sustained decline in functional status in this 
population of patients. For example, Kurella et al 5 showed 
a decreasing mean survival after HD initiation in the older 
HD population: 24.9 months in those aged 65-79 years, 15.6 
months in those aged 80-84 years, 11.6 months for those 
85-89 years, and 8.4 months in those aged 90 years and older. 
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Figure 9 Kaplan-Meier survival curves for elderly hemodialysis patients, according 
to (A) the SP values and (B) the DP values. 

Notes: SP <I40 mmHg, n=37; SP > 1 40 mmHg, n=4l. DP <90 mmHg, n=40; 

DP >90 mmHg, n=38. P= non-significant. 

Abbreviations: DP, diastolic pressure; SP, systolic pressure. 



Furthermore, according to the literature, life expectancy in 
patients that are ^80 years of age who initiate HD is 2—2.4 
years. 2-6 In our study, almost one-third of patients that were 
^80 years of age survived 12-24 months; and one-third of 
them survived between 24-60 months. 

However, advanced age is not the only predictive 
factor. And in the present study, as might be expected, the 
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independent predictors of increased mortality were: absence 
of pre-HD care, catheter as vascular access for HD, poor 
nutritional status, and high CRP values. 

Our patients with CKD stage 5 who were ^80 years who 
were referred to our nephrology care early and who followed 
a planned HD pathway had a survival advantage. For our 
patients who chose HD in pre-HD nephrology care, we do 
not know how much of the survival benefit was due to the 
treatment itself and how much reflects bias introduced by 
the selection process itself. Those patients attending pre-HD 
nephrology care and starting HD management might have been 
more likely to survive because of better physical status, less 
comorbid disease, or other unknown factors. The retrospective 
nature of our study did not allow us to analyze indicators of 
physical status, but we are planning to analyze this in future, 
prospective work. These results are similar to those of some 
other studies. 2-7,12-14 Furthermore, it is well known that cath- 
eter use has been associated with an increased mortality risk 
in HD patients. Ocak et al 15 showed that this is especially 
important in elderly HD patients. In their study, patients with 
a catheter had an increased all-cause, infection-related, and 
cardiovascular mortality risk as compared with patients having 
an arteriovenous access. Our results are similar to those, indi- 
cating that the use of catheters for HD should be discouraged. 
This is especially important in very elderly patients because 
older age and catheter use are associated with an even higher 
increased mortality risk. According to the literature, mortality 
is also higher in patients with a graft compared with patients 
with a native fistula. 1617 In our study, none of our patients had 
a graft. Therefore, for very old patients (s80 years of age), 
we believe that arteriovenous fistula should be the first choice 
for chronic HD access, in appropriately selected patients 
who are thought to have a reasonably good chance of fistula 



maturation prior to initiation of HD. 15 In patients with ESRD, 
especially those on HD, it is important to maintain a good 
nutritional status before starting HD treatment. According to 
the literature, malnutrition was consistently observed among 
elderly patients across many studies. 18 In our analysis, patients 
with good nutritional status had a significantly better survival 
compared with those with low BMI and serum albumin levels. 
Also, low serum albumin levels were an independent predictor 
of mortality. These findings suggest that two major mortality 
risk factors, poor nutritional status and hypoalbuminemia, 
are common among elderly HD patients and require specific 
attention, thus emphasizing the importance of optimizing 
nutrition in our pre-HD CKD population. These observations 
are in accordance with the current guidelines about adequate 
nutritional care for ESRD patients. 19 Also, as we expected, 
patients with high CRP levels had worse survival. 

The causes of ESRD tend to be similar in all age groups. 
But, according to the literature, elderly patients are less likely 
than younger patients to have ESRD secondary to diabetes or 
glomerulonephritis, and are more likely to have renal vascular 
disease and/or hypertension. Although diabetes continues to 
be the most common cause of ESRD in older patients, the 
relative proportion of those starting RRT because of dia- 
betes compared with other causes is lower than in younger 
persons. 20 The results of our study are in accordance with 
these observations. Namely, in our study, older patients were 
less likely to have diabetes, and primary renal disease had no 
influence on survival. This is partly because those patients 
with complications of diabetes probably died early. 

Although there seems to be no sex-related difference in 
acceptance or referral of elderly patients for HD, there is a 
predominance of males among elderly HD patients, as was also 
shown in our study. In contrast with Chandna et al 21 who showed 
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a better survival in old women, in our analysis, there were no 
statistically significant difference in survival due to sex. 

Our study had some limitations. The first was the ret- 
rospective design of the study and the absence of detail on 
patient characteristics, such as Karnofsky performance score 
and frailty. The second limitation was our relatively small 
number of patients. And third, we did not have a group of 
very old patients with ESRD who were treated conservatively. 
But the study shows a few important things. It demonstrated 
an increasing incidence of very old ESRD patients who were 
managed with HD during the last few years. Survival of 
very old patients treated with HD is variable, depending on 
the center, country, and registry, and the results of our study 
indicate that elderly patients can survive for long periods of 
time. It is important to note that advanced age is not the only 
predictive factor. However, survival is influenced strongly by 
some important factors, such as vascular access, nutritional 
status, andpre-HD nephrology care, as well as cardiac disease. 
Once these are taken into account, the age of elderly patients 
is not an independent risk factor for increased mortality in 
some models. 14 This is consistent with the fact that the char- 
acteristics of an individual patient are more important than 
numerical age. HD should therefore not be denied to patients 
on the basis of age alone, if it is otherwise appropriate and if 
there is hope for prolongation of an enjoyable span of life. 
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